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11^ (54) Title: BIOCOMPATIBLE POLYMERIC MATERLU.S 

2 (S'T) Al>stract: A method of making a medical device or pan thereof includes a step of forming a porous layer on the outside of a 
S support material, wherein the porous layer is, in preferred embodiments, selected from polyetherkctonc and polyethercthciketone. 
^ The porous layer may be prepared in a method which includes treating a region on the outside of a support material to render it 
porous and such treatment may involve diffusing a supercritical fluid into the polymer to render it porous or using a solvent to 
dissolve polymer at the surface, followed by subsequent precipitation at the surface. Alternatively, a material which is arranged to 
Q be porous may be applied to the support nnaierial wherein such a porous materia] may be a foam. In a further alternative, a material 
^ may be rendered porous after it has been contacted with the support material for example by virtue of it comprising a removable 
^ material for example a salt Medical devices and methods of m^ng such devices aic also described. 
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Th.» invention r.Utes to bio-co^atiM. polymeric 
s relates to a ™thod of , = 

^,1. a pro^tWs o. pa„ t.e«o. ..^ 3u=. a 4t„ 1 
and such a device per se. «teriaa 

Much research i. helng directed to the provision of 
For example, nearly half a million p,ti«,ts receive bone 

:-:::a;tp^^L'".'^"^"'''-------^ 

^= -c^-oTr re::rirart°' 

stiff leading to bone rea«r^^. , "^'^erials are too 

go cone resorption, loosening of the implant 
and consequently, have lifetimes of less than 10 yearT 

as d.= *ri" as those 

=s described is the susceptibility to foreign body react^" 

Z: T'"' it is oH a" 

interest to the medical industry to develop materials^« 
Which medical devices can be made which are less p^ " 
adverse biolooical tc.^^^- prone to 

uioxogicai reactions that tynicallv 

.0 intro^cti^ o. medical devices into huT TaniriT" 

materUlTm:: 

exist passively when introduced into 
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human or animal bodies but become integrated, for example 
osseo- integrated therewith. However, it is an ongoing 
problem to produce materials which have optimum physical 
(e.g. strength, modulus, wear resistance) and chemical 
5 (e.g. chemical stability, bio- stability, bio- 
compatibility) properties which are readily integratable 
with human or animal body tissues. 

It is an object of the present invention to address 
10 the abovedescribed problems. 

According to a first aspect of the present invention, 
there is provided a method of making a medical device or 
part thereof, the method including the step of forming a 
15 porous layer on the outside of a support material, wherein 
said porous layer includes a polymer having a moiety of 
formula 



20 

and/or a moiety of formula 




25 
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and/or a moiety of formula 



O+so, 



III 



Wherein the phenyl' l„ „ 

independently represent an oxygen or a T'k " 
direct link r sulphur atom or a 

aire it' or -"^^ ' 

-oieties ,i,.. ,i, ' I 

o. i„ .he.. ..rr^xirr °- - 
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The invention extends to a method o£ making a medical 
device or part thereof, the method including the step of 
foinning a porous layer on the outside of the support 
5 material from a polymer having moieties I, II and/ or III as 
described. 

Except where otherwise stated, throughout this 
specification, any alkyl, akenyl or allcynyl moiety 
10 suitably has up to 8, prefereibly up. to 6, more preferably 
up to 4, especially up to 2, carbon atoms and may be of 
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straight chain or, po„ihle. of branched chain 

. ructura. <Hnerally, ^,hyl and athyl ar. preferred 

5 

sxcept where otharwi., stated In this specification, 
optional sub»tltu«,t. of an al^l group include 
halogen ato»s, for axan^ie fluorine, chlorine, brondne and 
^od.ne ato»s, and nltro, cy.no, al>=o:cy, hydro:<y. aMno, 
alTTr >^'^l""lP'^nyl, .uiphon,,, 

al^lsulphonyl, aMdo, al^la^do, alkoxycarbonyl , 
haloal,=oxycarbonya and haloalfcyl groups. Preferably 
optionally substituted alkyl grc^. are unaubstituted. ' 

said porous Uyer preferably includes pore, 
(hereinafter "surface pora.-, rt>ich open at the surface of 
said porous layer thereby to enable tissues to grow into 
the pores to aid integration of said medical device and/or 
part When introduced into a hunan or animal body 
suitably, surface pores have a diameter of at laast iO;.m,' 
preferably at least 25.m, more preferably at least 50a 
especially at least 100;„, although it should bi 
sppreciated that a surface ^y include pores having 
di^neters which are larg«: or than those mentioned: 

suitably, the average diameter of said surface pores is 
at least 10.m, preferably at least .s.m. ^re preferably at 
least 50;.m, especially at least ioO;.m. m some cases, ^ 
average diameter ^y be greater than .oo.m or ev«, gr«.ter 
^ ^0.^. The average diameter may be las. than eoo^, 
suitably les. than 500.m, preferably less than 400;„., more 
preferably less than 300^, especially less than =00^ 
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The diameter may be measxired using a low magnification 
optical microscope with scale in visual frame. 

Said porous layer preferably includes a majority of 
5 pores of at least lOfim, preferably at least 25/im, more 
preferably at least 50/zm, especially at least lOO/zm. 

In the context of this specification, a '^majority may 
mean at least 50%, suitably greater than 65%, preferably 
10 greater than 80%, more preferably greater then 95%, 
especially greater than 98%. 

Said porous layer may have a density of at least 400 
mg.cm"^, preferably at least 500 mg.cm"^, more preferably at 
15 least 600 mg.cm"^. Said density may. be 1000 mg.cm"^ or 
less. 

Said porous layer may have an average porosity of at 
least 20%, suitably at least 30%, preferably at least 40%, 
20 more preferably at least 50%. The porosity may be less than 
90%, suitably less than 80%, preferably less than 70%. In 
some cases, the porosity may be less, than 60%. Porosity 
may be measured by any suitable technique, for exanqple by 
mercury intrusion porosimetry. 

25 

Said porous layer preferably includes pore 
interconnections having average diameters of at least 50/im, 
for example as measured using mercxiry intrusion 
porosimetry. 

30 

Said porous layer preferably includes a three- 
dimensional network of interconnected pores. Three- 
dimensional networks as described rarely connect through 
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Straight channels. Prefe«Ki,, 

irereraJDly, said porous lav^r- ^ 
a network i^^^uus layer includes 

th. H- , ""^ ^ paths therein longer than 

the diameter of the largest pore 

5 

least loo/zm, more preferably at least 250.,. 

least 500... thic3»ess I^To Jor l' " 

Snm. or less. P^^f^^ably 

10 

Unless otherwise stated in 
"»i«y Mv. a Phenyl 

« said polymer may include than one dl«er«,t t™. 

Of repeat unit of fo»a. I, than on. diffe^ t 

Of repeat „it ef .e^la and ^.e than JeTf 

x:ner;:r" °' 



in their'"" " ^ ^^'^ '•P'" 

« -n, honded .et^entit" ."".t 1^ ^= 

«here the phenyl ,„ieties in units l, „ „ 
optionally substituted fv,. . " 

^ one o. _ halZ, ^ ^^1^^ 

J' yjToups are Ci.io, especiallv c =ii„-i 

Preferred cycloalkvl ^ ^'^P^- 

cycioalJcyl groups include cyclohexvl 

-^tioycuc groups, for «,:^ie adamantyl. ^ 
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Another group of optional sxibstituents of the phenyl 
moieties in iinits I, II or III include alkyls, halogens, 
CyF2y+i where y is an integer greater than zero, (where 
5 is selected from the group consisting of alkyls,- 

perfluoralkyls and aryls) , CF:=CF2, • CN, NO2 and OH, 
Trifluormethylated phenyl moieties may be preferred in some 
circumstances. Sulphonate moieties may also be preferred 
in some circumstances. 

10 

Pref ersblyv ' sa^d phenyl moieties are not optionally- 
substituted prior to formation of said porous layer. If, 
however, they are substituted, they are preferably 
substituted by moieties that can withstand injection 
15 moulding of the polymer. Phenyl, moieties may be 
optionally-substituted (especially sulphonated) after 
formation of said layer as hereinafter described. 

Where said polymer is cross-linked, it is suitably 
20 cross-linked so as to in^rove its properties. Any suitable 
means may be used to effect cross -linking. For example, 
where E represents a sulphur atom, cross- linking between 
polymer chains may be effected via sulphur atoms on 
respective chains. Preferably, said polymer is not 
25 optionally cross -linked as described. 

Where w and/or z is/are greater than zero, the 
respective phenylene moieties may independently have 1,4- 
or 1,3-linkages to the other moieties in the repeat units 
30 of formulae II and/or III. Preferably, said phenylene 
moieties have 1,4- linkages. 
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Preferably, ehe polyuria chain of the polymer .oe. not 
include a -S- - . - 

link. 



moiety. Preferably, o represent, a direct 



S..tably, -a" represents the ^le , of units of fornnaa 
in said polymer, suitably wherein each unit I is the 
-b. represents the ^le .-of units of for»n. li m 
-a poly^r, suitably „h.^ „ ^, ^ 

and c. represents the ^le » of units o£ formula in in 

Pre. -^r"' i= 
Preferably, a is 'ilf the range 4r.l00, -„r. preferably in 

the rang, „.55. especially in the range 4,-5a. 
Preferably, the sua, of b and c is in the range 0-5S, ^re 
preferably in the range 45-55, especially in the r«^e 48- 
S2. Preferably, the ratio of a to th. sum of b «^ c is in 
he range 0.9 to l.i and, .^.r, preferably, is .bout 1. 
suitably, the sue of a, b and c is at least ,0, preferably 
a least ,s „ore preferably at least especially about 
100. Preferably, said polymer consists essentially of 
moieties I, ii and/or III. 

said polymer be a hor«,polymer having a repeat unit 
of general formula 



or 



formula ' "^'"^ ""'^ " "-^^ - ^—^1 
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or a random or block copolymer of at least two 
different units of IV and/or V 

wherein A, B, C and D independently represent 0 or 1 
5 said E,E' ,G,Ar,m,r,s,t,v,w and z are as described in any 
statement herein. 

As an alternative to a polymer comprising iinits IV 
and/ or V discussed above ^ said polymer may be a homopolymer 
10 having a repeat unit of general formula 



or a homopolymer having a repeat unit of general 
formula 



IV* 



V* 



or a random or block copolymer of at least two 
15 different xinits of IV* and/or V*, wherein A, C, and D 
independently represent 0 or 1 and E, E', G, Ar, m, r, s, 
t, V, w and z are as described in any statement herein. 



Preferably, m is in the range 0-3, more preferably 0-2, 
20 especially 0-1. Preferably, r is in the range 0-3, more 
preferably 0-2, especially 0-1. Preferably t is in the 
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In (xi)*, the middle phenyl may be 1,4- or 1 
substituted. 
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Preferably, 3,,^^^^^ ^^^^ ^ 

2,7- .oxety; and (..u, is selected fro. a x ^ I " ' 

5 

One preferred class T^«^ 
-iet.es Of formula ^^^^^ . - ..el.de any 

-et.es Of .o™.laex.l;3.t ^^'^ 
Wpoly^. or rand^ or .loc. .o^^^: ' 
0 ho.opoly.er or copolymer suitably inc^^,; ^^^^ 

general fomn^la iv o^^j, ^ ^"^""^ of 

e^odi.ents, not include any repeat '^r. 

V. ^ ^P^^'' Of general formula 

Suitable moieties Ar ar- ^. 

» AT are moieties (i)* /,m 
Uxi) and (iv) and, of these ' ' ^^^^ ' 

cnese, moieties (i)* mj ,. , 

are preferred.. other r.^^^= . ' ' ^ ^^"^^ 

, preferred .moieties ar-^ 

with .eton, ZZTZ ^" '""l--^"" 

ana/ or ether moieties. That • 
preferred class hh« ^ i the 

cj.ass, the polymer does not inel„,i^ 
which include -s- en. include repeat units 

Phenyl. Preferred poll " ^"^^ 

eferred polymers of the type described include: 

a poly„.er consisting essentially of uni^ . 

formula iv wherein a. °^ 
and ... represents moiety (iv) p 

and E' represent oxygen aton,o 

represents 1 o " represents 0, w 

« G represents a direct 

represents 0, and a and b . ' ^ 

Polyetherethericetone,. "~ \ 
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(b) a polymer consisting essentially of units of 
formula IV wherein E represents an oxygen atom, E* 
represents a direct link, Ar represents a moiety 
5 of structure (i) , m represents 0, A represents 1, 

B represents 0 (i.e, polyetherketone) ; 



(c) a polymer consisting essentially of units of 
formula IV wherein E represents an oxygen atom, Ar 

10 represents moiety (i)*, m represents 0, E' 

represents a direct link, A represents 1, B 
represents 0 , (i.e. polyetherketoneketone) . 

(d) a polymer consisting essentially of units of 
15 formula IV wherein Ar represents moiety (±) , E and 

E* represent oxygen atoms, G represents a direct 
link, m represents 0, w represents 1, r represents 
0, s represents 1 and A and B represent 1. 
(i.e. polyetherketoneetberketoneketone ) . 

20 

(e) a polymer consisting essentially of units of 
formula IV, wherein Ar represents moiety (iv) , .E 
and E* represents oxygen atoms, 6 represents a 
direct link, m represents 0, w represents 0, s, 

25 r, A and B represent .1 (i.e. 

polyetheretherketoneketone) . 



Of the aforesaid, the polymers described in (a) and 
(b) are preferred, with the polymer described in (a) being 
30 especially preferred. 

The glass transition temperature (Tg) of said polymer 
may be at least 135^0, suitably at least 150°C, preferably 
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at least I54°r 

"O-C. or « xso™ " ' ^ at least 

300°c. ^'^'^ 2S0»C or even 

5 

Said polymer may have an l,ier.„^ . 
least o.x, suitably at least oT "'"'''^ " 

preferably at leasTo . " 
<"l>ich correspond, to a r«, " 
" o.s, therein «v is m,asu^r„:^'"=''>' °^ ^-t 

Polyn^r in =ono«ntr.ted sulphuric acid"/. °' '"^ 

-id solution containing ig of 1 ' 

IV is ^asurea at T"^. 
in concentrated sulphuric add of Z 't " °' 

'5 solution containing o la o, , 

°3 Of poly«r p«: i„oc„. 

The measurements of both pv 

a Viscometer having a .0^1" C tT^^: """^^ 

minutes. approximately 2 

main peak of th** m^i*.- 

— - ^linermayTaTirr.:-^' 

Preferably, said polymer has ,t , 
crystallinity or is crystallisable 

"tant Of ctystallinity in a oo, • and/or 
^ Wide angle x-ray dl.fractiTror^eT^r ^ """""^ 
^ Blundeu .nd csbom (Polymer T "3'"=^^ 
Alternatively. crystallinity may ^' ' " 

differential sc«uiingCalorime,ry"IcK ^ 

Said polymer may have a nnmv, 
^-^ang.__. ^^7^^ 
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is at least 14,000. . The molecular weight may be less than 
60,000. 

Said porous layer may include one or more fillers for 
5 providing desired properties. Said porous layer preferably 
incorporates an X-ray contrast medium. Fillers and/or said 
X-ray contrast medium is/are preferably distributed 
sxibstantially \miformly throughout said porous layer. 

10 Where an X-ray contrast medium is provided it suitably 

comprises less than 25wt%, preferably "less^ than 20vrt:%, more 
preferably less than 15wt%, especially less than 10wt% of 
said porous layer. Where it is provided, at least 2wt% may 
be included. Preferred X-ray contrast mediums are 

15 particulate and preferably are inorganic. They preferably 
have low solubility in body fluids. They preferably also 
have a sufficient density compared to that of the polymeric 
material to create an image if a compounded mixture of the 
polymer and contrast medium are X-ray imaged. Barixim 

20 sulphate and zirconium oxide are examples of X-ray contrast 
media. Said particulate material is suitably physically 
held in position by entrapment within the porous layer. 

It has been found that the pore size and density of a 
25 said porous layer ceui be a function of the X-ray contrast 
medium and/or other fillers present. For example, at 20% 
filler level, the resultant pores are predominantly in the 
range 30 to 60 im, whereas at 10% filler level, the pores 
are predominantly in the range 70 to 120/im. 

30 

Said support material may be made out of any suitable 
material for example a metal or plastics material. 
Preferably, . however, said support material comprises a 
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POlyn^r wkici preferably includes a ^ietv , 
»a/or a ^iety ot £or«aa „ and/or ' 
"I as described above s " T ' ""'^ 
-terial ^ t^.JTt^T7' 

= l.^r except, preferably Tl ' ' " '''' 

p-3i.. cc^ J: 'ZT^i ^T" 

substantially non-pcrous saiT P-^-ably is 

P=«us layer „y Lll t. '"^ 

-e-ai. but preir^^^ytti^irr" " ^ 

^0 »»ieties, carbonyl and/or s^ '^^'"^ 

*eB-,--in-tlieT)oiymer-bacJdboneT- • 

Whilst said support material preferablv • . . 
, --ties I, IX and/or ixx and the prefe^f '"'"'^^ 
15 include moieties i tt . Preferred polymers which 

tc t. Uyer-L^-rel^T "^'^ 

not optlonally-substitll^eH ^ 
Preferably sairt = «»8tatuted or cross-linked. 

«»«J-y, said support material ^«m« • 
20 polymers described in comprises any of the 

tbe poirrs^ rr.;' a " " - 

.a, bein. especLl^ plltrid"^'""" 
* said polymer. Where ca-i/i 

'° ^ context of this specifi~n 

-y »ean greater than S0wt% suit I, ' 
preferably greater .^T^^TZr 

«wt», especially raier th 

greater than 98wt% of the 
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referenced material is present relative to the total 
weight of relevant material present. 

Said support material preferably comprises a unitary 
5 arrangement. That is, it preferably does not con5)rise a 
series of layers of material or include areas thereof 
having a higher concentration of one component compared to 
another. Said support material preferably has a thickness 
in at least one region thereof of at least 5iran, preferably 
10 at least lOram, more preferably, at least 20ram. Said 
support material preferably does not consist of a coating 
{or the like) on another material which provide a support 
for the device or part thereof. 

15 Said support material suitably has a tensile strength 

(according to ISO R527) of at least 80, preferably at 
least . 90, especially at least 95 MPa. The tensile 
strength may be less than 360, suitably less than 250, 
preferably less than 140 MPa, It preferably has an 

20 elongate at break (according to ISO R527) of at least 40, 
preferably at least 50%. It preferably has a tensile 
modulus (according to ISO R527) of greater than 2.5, 
preferably greater than 3, especially greater than 3.5 
GPa. The tensile modulus may be less than 40, suitably 

25 less than 30, preferably less than 20, more preferably 
less than 10 GPa. It preferably has a flexural strength 
(according to ASTM D695) of at least 100, more prefercibly 
at least 110, especially at least 115 MPa. The flexural 
strength may be less than 650, preferably less than 400, 

30 more preferably less than 260, especially less than 200 
MPa. It preferably has a flexural modulus (according to 
ISO R178) of at least 3, preferably at least 3.5, 
especially at least 4 GPa. The flexural modiolus may be 
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10 



less than 60, suitably less th.r. oc 

eelection of poij,.,, ^^^^ appropriate 

includad in .aid ^„ ^ «.n£orce,.e„t meana 

^j-a support material ho 
applicationa. por e«»l, • Particular 

polyatheretharkatone ^7 ' . ^""'"""^ =-r'='"> "bra 
strangth of about 350 ":»i«Uy hav, a tansila 

alongation of , . " f""' °^ 3. ..a, an 

«-ra. atran«;o;/;„rr 7^ " ^ 
-3.^-.,,^^^,^ ^* Po^^etherkaton, „it. 

tenaila strangth of „, ,^ , ° ™^^l^'«ny hava a 
a tansiu alongation of " a fr^'' °' " 

ana a fXa^^i atrangf, ol ^O """"" " " 



15 



A said porous layer may be provid^rt 
said medical device or I t ^ "^"-^^^ °" ^ Part of 
contact With body fluids in use "''^^ 



20 The method of the f^r«^ 

..ic ii::::: "'"^ • 

-.ida Of aaia anpport ^tariai to 

■natsrial (in which casa if , "Wort 

« -aving «i„i., " ""^"V 'ncludaa a poi^ 

==.^ria, a layar of . „ " ' "^^^^ - »^ 

a^uartrthr" " 

Prefarabiy co„prlL a . , 

and/or XZI, pTon, tha " 

aasociatad .ith said auppr« ^ariai " ^ °' ^ 

^eing randarad poroua. Xafarr, VaiT^r " T 
b. r«.darad porou. co.,pri.a= a """" " 

■"Priaas a polymar having .K,iatiaa I, 
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II and/or III, wherein phenyl moieties in moieties I, II 
and/or III are not optionally- substituted or optionally 
cross -linked. Said layer which is to be rendered porous 
optionally includes an X-ray contrast medium as described 
5 therein. . 

Preferably, said support material is arranged in a 
shape which represents or is a precursor of a medical 
device or part thereof. Optionally, a said layer of 
10 polymer may be applied to said support material. A said 
region of said-l-ayex-may- then be-rendered* porous . - 

In a first embodiment of said first method type, said 
support material having at least a layer of a said polymer 

15 having moieties I, II and/ or III is placed in an 
environment which is at a temperature' of at least 20 ""C 
above the glass transition- temperature of the polymer and 
at least 30**C below the melting temperature of the 
polymer. The environment is suitably pressurised, 

20 suitably at 20-50 MPa, with a supercritical fluid, 
especially carbon dioxide. Consequently, the fluid 
diffuses into the polymer. After a suitable dwell time, 
the fluid pressure may be released and preferably the 
temperature in the environment is reduced, suitably 

25 relatively rapidly, below the glass transition temperature 
of the polymer. The layer on the outside of the support 
material is thereafter found to be porous. 

Advantageously, by adjusting the temperature, fluid 
30 pressure and/or time in the environment, the properties 
and/or arrangement of the porous layer formed can be 
varied to suit any particular application and/or desired 
characteristics . 
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Preferably, in the first embodiment of ^v, 
-thod t^e, the polymer rendered p^L '^'^ '^"^ 
— — in the method and, ..J ^ Z 
ZZZ-' - - -tmen! i^trr; 

-(5,O0eKpsisJ-f„^4,^^_ = «^ 34.5 MPa 

1- a second e»todiment of Bald Urst -f,, ^ . 
-face Of said support material havlr!,^ ' 
" =^ said poa^e. w.., »i,.,a. ; „ alT' * 
contacted „.t. a solvent u order to ZoZ Z 
said surface To n,- ^ aissolve polymer at 

caused to precipitate at ^ surfa 
2<l .olv«,t, for exa«,l. k diluting the 

solvent whlL^sTt r""'"' « 

depth o1 the 1"''^, °' ^1^- 

^ " cne porous layer anH/r^>. 

-pendent upon the nature of' the Lrth:"'' 
concentration th«. t-^^ o-ivent, the solvent 

» said soxvj ^X""" ''^ ""^ °^ 

sulphuric ?eVd ' " ^'^"'^ ^-^"de 

™ethanesulphonic ans^ 
Phenol/dichlorobenzene. ^""^ 

'0 Some solvents may. i„ 

polymer, chemically rLt litf '° 
Sulphonatin. solvents, : e^lr ^ 

98% sulphuric acid lav ""'P^"^" ^-^^ such as 

acxd, may sulphonate polymers of the type 
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10 



25 



described. For example, said solvent may sulphonate 
phenyl moieties in -0-(Ph)„-0- moieties in said polymer 
where Ph represents a phenyl moiety and n represents an 
integer (preferably 1). Thus, in some cases, a porous 
functionalised (e.g. sulphonated) layer may be produced in 
the method. Thus, in this case, the polymer rendered 
porous may be chemically changed during the treatment, for 
example by functionalisation of phenyl moieties as 
described. 



■ The method -of-t-he- -f i-xst^-aspect— may- include a second 



method type wherein a layer of material which is arranged 
to be porous (hereinafter "precursor material") is applied 
to the support material, wherein said precursor material 

15 includes a polymer having moieties 1, II and/or III as 
described herein. Said precursor material suitably 
includes at least 30wt%, preferably at least 40wt%, more 
preferably at least 50wt%, especially at least 60wt% of a 
said polymer having moieties I, II and/or III. Said 

20 precursor material may include an X-ray contrast medium as 
described. Any desired depth of said precursor material 
may be applied to the support according to the desired 
depth of the porous layer. 



In a first embodiment of said second method type, said 
precursor material is applied as a porous material. For 
example, a foamed material may be applied to the support 
material. Supercritical carbon dioxide may be used as 
described with reference to said first embodiment of said 
30 first method. Thus, said polymer having moieties 1, Ii 
and/or III and any other con^joneats which are to make up 
the precursor material may be heated in an environment at 
a temperature of at least 20 "C above the glass transition 
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temperature o£ the polyn^r used and at least 30-0 „ , 
the .elting te^erature of the poller a. " 
- suua.1. p^urUea wUh ^ ^^^ .r ~ 

poxytner. The molten mixture may be extn.Ho^ • . 

uces upon exxtmg an extrusion orifice a fn»„, 
IS forme»d * ^-txiice, a roam 

formed. Th.s foam may be injection moulded on to th. 
support material or ali-*.r^=^ • •, ^ 
" support .ter.; ^ Tlfrr 

In the first embodiment of i-h. . 
15 =>.jj , •""one ot the second method tvoe 

" said polymer of said precursor mat.rl.1 < 

c^^ed, for exan^le functionaUsL " , "^'^"^ 
aocordinaly, said polymer hef ore 1 «t 

support material is chemio^VlC^;--" 

■ --.y afterT: hll ntl:; 

material. to thi« . 

TO this end, preferably sa-iH «^ 

-terial comprises a material (hereinlit " 
25 material", which can (*^^«^nafter a "removable 

; wnicn can be removed, for evamr,!^ j- 
Of said precursor material -T 

Is present o„ ""'^"'i' said precursor material . 

present on the support material, wherehv . 
Btructure is produced by virtue of tL. T """" 
-aion. fr^ , J, r^va^^^e "atl'i """1 

- ™. -us. the .thod preferably i" ^ 

the precursor-material, „h«, it is present =„ "^"'"^ 
-.rial, „ith solvent .^ch sol t^ """" 
material but nni- ^>,« ^^inses the removable 

not the polymer having moieties i, n and/or 
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III. Preferably, the polymer is semi -crystalline so as to 
render it less soliible in solvents that may be used to 
solubilise the removable material. 

5 In said second embodiment of the second method type, 

said polymer of said precursor material is not 
f\inctionalised in the method, so said polymer before and 
after contact with said solvent is preferably chemically 
unchanged. 

10 

In a first example of said second embodiment of said 
second method type, said removable material may comprise 
an amorphous high temperature polymer or polymers which 
is/are preferably blended with said polymer having 

15 moieties I, II and/or III, wherein each amorphous polymer 
used is incompatible with said polymer having moieties I, 
II and/or III, Blending is preferably by a melt process, 
suitably using a twin screw extruder. The total amount of 
said amorphous polymer in the blend may be less than 

20 40%wt. An X-ray contrast medium may be included in the 
blend as described herein. After blending, the blend may 
be contacted with the support material for example by 
being injection moulded or extruded directly onto the 
support material. After solidification of the blend, the 

25 morphology is that of a continuous matrix of the larger 
volume component (e.g, the polymer having moieties I, II 
and/ or III) with domains of the lower volume component 
(e.g. the removable material) or a bi -continuous network 
of different materials. 

30 

The method may then involve immersing the composite 
comprising support material and precursor material in a 
solvent which will dissolve out the removable material 
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leaving a microporous structure of th. . 
—ties I, XX a.d/or XII that is fi J '^"'^^ 
-PPort, solvent L 

dissolution according to the '° 
material. ^ ^^^^^^^^ °f the removable 

The identity and/or physical for™ . 
polymer affects the nature of ^h ""^^ amorphous 

ti^e method. Whilst polysulnh« ''"^^ ^"°^"'=^'^ 

- used, .ere is r~\rr"""^"°"- - 
produced to -he -too- .ma-11- for 7 
preferred that polymers arl select 7 

yield pores, preferably a ^"^^^ ^^^-ed, 

— ---eToUerrrieter' 

" said polymer having moieties I xr . -"^^tible with 

the preferred examples thereof de " '-Pecially 
Polyethersulphone or Polysulp^L ^ "^""^ 
Saxd removable material is preferablv 

not include ether groups in it ' '^^-^ 

- --vable r^terial hasTooT ^'^^^^ ''^^^^ 

as described for sa^ po.^ ~ ^ ^ sa.e type 

there are PreferLly ^i^^^^ ^' " -d/or 

backbone to render it i ^ ''^ ^^^^^ ^^^^^ the 

^ving moieties x, xx TdT"'''' ^^^^ 
^ ^ and/or m t*- • 

' preferred for said removable ' especially 

Poly-tone or polysulphorXr"^^^^^^^ ^° ^ ^ 

polymers are high ten^erat Je "i °' ^^^^^^^^ 

3ilane polymers and pTlymeT th . ^^"^--ture 
atoms. polymers that incorporate fluorine 

In a second example of sairt « 
second method type sal^ embodiment of said 

u cype, said removable material 

preferably blendwi with said 
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polymer having moieties I, II and/or III. Said fugitive 
compound is preferably thermally stable at 400 °C and 
preferably includes particles, preferably a majority 
thereof, in the range 50-500/xm. At least 5wt%, preferably 
5 at least 20wt%, more preferably at least 15wt% of said 
fugitive compound may be present in the precursor 
material . The amount of said compound in said precursor 
material is preferably less than 60wt%, more preferably 
less than 50wt%, especially 40wt% or less. Said precursor 
10 material may include an X-ray contrast medium, as 
described, for -example i-n* the* range- -S-^^Svt-ir: 

Preferred fugitive compounds are inorganic, especially 
inorganic salts. A carbonate, especially calcium 
15 carbonate, is especially preferred. 

Preferably, the polymer having moieties I, II and/ or 
III is filled with said fugitive compound and said X-ray 
contrast medium, if provided, using a melt processing 

20 technique. The blend may be contacted with the support 
material for example by being injection moulded or 
extruded directly onto the support material. After 
solidification, the composite of support material and 
precursor material is immersed in a solvent to remove the 

25 fugitive compound and yield a microporous three- 
dimensional surface. The solvent used is preferably an. 
acid, for exaii5)le hydrochloric acid. Advantageously, the 
acid used has a negligible effect on the polymer having 
moieties I, II and/ or III itself. 

30 

In a further embodiment, a porous material may be 
prepared as described in applicant's co-pending 
application no GB 0101098.2. The method described therein 
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b. used to prepare . porous (toa^« layer on the 

heating . mixture which includes a , 
-ieties I, 11 \ -^ving 

^ decomposable mator-n=.i 

^Snes.^ .™e, to a .oa..n. ten^erature at o. love 
the decomposition temperature of th. ^ 
material. The porous l decomposable 
porous layer may be extruded onto th^ 

support material. 

LO 

in- any of the- -eiitoodiments- described- - th^ . 
include a further treatm.n^ ^ 

rcner treatment of a porous layer after it h;,« 
been formed, for «van,r^^- ^ 

''^ ^^^^^1 elements of the 
microporous structure that would «hh • 
5 to body fluids • otherwise not be exposed 

hody fluids, x„ use. Further treatment may involve 
machining the porous layer after it has been prepZ I 
Furthermore, in some en^odiments, the ^thod may I^:::', 
removing the porous layer in its entirety, for LZl 
regions of the medical device or part thLof f 
' contact body fluids in use or otherwise are' t 

to he adapted for bone ingrowth in osseo-i:;:; Jr^^^ 

The method of th^ -F-fy-o*. ^ 

bio-compatibl. '"^''^'^^ associating 

oio con?)atible moieties with aa-irt r,«i, ^, 

moieties I tt « ^ ^^"^ "^^""^ includes 

oieties I, II and/or lii of said porous layer. 

The method preferably includes the step of treatina 
said polymer with a „«terial for providing biol^ : 
^xet.es hereinafter .CM material.. .... ^CM 

•nay be arranged to provide any of the hs. 
-ieties described hereinafter. Said pol^ 
provided as a Polymer may be 

P ed as a solid. Suitably, said bio-comnatihl. 
moieties are caua«»rt »-« k compatible 
re caused to become associated with a surface of 
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said porous layer of said solid- Said solid is preferably 
shaped so as to represent at least a part of a device for 
use in medical applications, as described above. 
Preferably, after association with said bio-compatible 
5 moieties, the bio-con^jatible material formed (referred to 
as "^bio-compatible polymeric material^) is not engineered 
or otherwise treated in a manner which may result in 
substantial depletion of the bio-compatible moieties 
associated with its surface. 

10 

-the- scien-feiidG literature- -there is- -inconsistency in 
the use of descriptions such as "bio-compatible" , ^^bio- 
active" and "bio-materials" . In the . context of the 
present specification, the term "bio-coitqpatible" has 

15 generally been used to refer to a material which is 
compatible with use in medical applications, for exan^le 
by not being toxic or otherwise harmful to living 
materialis. It also encoTt5)asses materials which have a 
biological or physiological effect when associated with 

20 living materials. 

Preferably, said bio-compatible polymeric material has 
improved or enhanced bio-compatibility compared to said 
polymer having moieties I, II and/ or III in said porous 
25 layer, in the absence of associated bio-conpatible 
moieties. 

Bio-compatible moieties suitably include moieties 
arranged to reduce adverse biological reactions when the 
30 bio-compatible polymeric material is introduced into (or 
otherwise associated with) a human or animal body. For 
example, adverse biological reactions associated with 
introduction into a humeui or animal body of said polymer 
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Wing blo-con^atlil. ^ieti« ,ess =cn^..a 

aasooiated Mo-conpatibl. moletle.. 

narmfui to living material Q„r,v 

a «teriai. Such bio-corapatible moieties 
be a^anaea .0 bona ,.0. ^a^,. ^ J^'^ 

:ZT.TT' " """" 

present .„ or ^t^l-bodtes ^ «a.r ^„ 

thexr .ntegratio. and acceptance by auch bodies. 

A said bio-conpatible „oiety ™y be selected from an 
15 anticoagulant agent such as haB«^ ana „ . "™ " 

«e Heparin and heparin sulfate 
an antithroinbotio agent a ""race, 
acent »„ • slotting agent, a platelet 

agent, an ant.-.n£la™atory agent, an antibody, an 
antigen, an x„»uncglobulin, a defence agent, an «.zy™, a 
honnone, a growth factor, a ne„rotr«»mitt.r, a cyt^l. 
« a Mooa agent, a regnlatox. agent, a transpo« ^^t 1 
exbrou. agent, a protein sucb as avldln, a glycoprorin a 
^obular protein, a st^ctural protein, a ,^^,1 
and a cell attactaent protein, a peptide such as I 
glycopeptide. a structural oeoclH. . ^ as a 

25 a cell .^^ ^ Peptide. a meotoane peptide and 

Ltil . ' ^-'~3ly=». . toxin,- an 

antibiotic agent, an antibacterial agent, an anti.icro.ial 
agent such as penciUin, ticarciUin, carbeniciuin 
aa^icillin, o^cillian, cefazolin. bacitlta' 
cephalosporin, cephalothin, cefuroxime. 'IZZ' 

acid a polysaccharide, a carbohydrate, a fatty acid a 
catalyst, a drug, biotin, a vitamin, a segment, a J 
segment, a nucleic acid, a nucleotide, a polynucleotide^ ■ 
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nucleoside, a lectin, a ligand and a dye (which acts as a 
biological ligand) , a radioisotope, a chelated 
radioisotope, a chelated metal, a metal salt, a sulphonic 
acid or salt thereof, a steroid, a non-steroid, a non- 
5 steroidal anti-inflammatory, an analgesic, an anti- 
histamine, a receptor binding agent, a chemotherapeutic 
agent, a hydrophilic polymer (e.g. poly (ethylene glycol) 

(PEG), poly (ethylene oxide) (PEO) , ethylene oxide- 
propylene oxide block . co-polymers, poly (N-vinyl-2- 
10 pyrrolidone) (PNVP) , poly (2-hydroxyethyl methacrylate) 

(pHEMA) , HEMA co-polymers, poly (vinyl alcohol) (PVA) , 
polyacrylamide, its derivatives, poly (methyl methacrylate) 

(PMMA) , suitably having a PEG chain on each of the side 
groups , polysiloxanes (e.g. polydimethylsiloxanes (PDMS) ) , 
15 ionic water -soluJDle polymers like . poly (acrylic acid) 

(PAAc)) and a polyure thane . Exan^les of some of the 
aforesaid are provided in US5958430, US5925552, US5278063 
and US5330911 and the contents of the aforementioned 
specifications are incorporated herein by reference. 

20 

In one embodiment, said bio-compatible moieties may 
conqprise bone morphogenic protein (BMP) as described in 
US4563489 and patents cited therein and the contents of 
the aforesaid are incorporated herein. Said BMP may be 

25 provided in combination, for example in admixture, with a 
physiologically acceptable biodegradable organic polymer 
and said biodegradcQsle polymer may be associated with said 
at least two moieties of said polymer of said bio- 
coznpatible polymeric material, for example by being 

30 covalently bonded to said at least two moieties. Thus, in 
this case, the combination of said biodegradaisle polymer 
and BMP defines said bio-compatible moieties. Said 
biodegradable polymer is preferably a biodegradable 
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P0lyl,ct.c add, or .Itematively. other physiolcicaUy 
acceptable biode3raa,.le orga:>ic poly^r, wMch are 
tructurany e^^i,„ ^ 

-lphat.c carbo:=yUo acids,. polyglycollic aci7 
P=ly9lactxn, polyglactic add ^ pcly aacnic acids. 

In another embodiment aa-t,^ 

' ^^^^ bio-compatible moieties 
0 ^y be selected .re inorganic crystalline atructuL 

IT" '""'^"^^ ■ ^'Vstallin: 
structures »d organic «^rp.^ ^ 

bao-cc^atible ecieties are phoaphcrou, based ceramic. 

_ -.*le calciu^-pbosphcrous cer^Ucs. Phosphates i; 

apatite are preferred. Especially preferred is 

hydroxyapatite, a synthetic Ca-P ceramic. 

«hilst said bio-con^tible moieties may be associated 
^ «.y suitable means with the porous layer, for e«,le 
by coval«.t bond.s,, hydrogen bond.s,. encapsulation iT a 

l^^r or by .onrc interaction ,s, , it is preferred that 
there are covalent bonds between the bio-compatible 
"oxetres and said polymer having moieties I. Ii .nd^or in 
an said porous layer or there are ionic interactions 
between said bio-compatible moieties and said polymer. 

The method may include functionalising said porous 

with sard bio-compatible moieties. Alternatively, said 
polymer which includes moieties l. „ ^ 
functxonalised prior to or during formation of said porous 
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layer. An example of the latter is Example 2 hereinafter 

wherein the polymer is sulphonated during formation of 
said porous layer. 

5 In one embodiment, wherein the porous layer includes 

hydroxy groups, the porous layer may be treated with a 
diisocyanate and a diol thereby to associate a 
polyurethane with said porous layer. Alternatively, 
wherein the porous layer includes isocyanate groups, the 
10 porous layer may be treated with a diisocyanate and a diol 
thereby to associate a polyurethane with said porous 
layer . 

In the method of the first aspect, said support 
material is preferably formed into a shape which 

15 represents or is a precursor of a medical device or part 
thereof. Formation into a shape may use any suitable 
method, for example, moulding, machining of a blank, 
extrusion or the like. Then, said porous layer is formed 
on the outside of the support material in desired regions 

20 thereof using a method described herein. The porous layer 
may be further treated for example to functionalise it 
and/ or to associate bio- compatible moieties with it. 

Whilst the method may be used for making any type of 
25 medical device or part thereof (as described in the 
introduction of this specification) the medical device or 
part thereof is preferably for an orthopaedic implant, 
especially for a body joint, for exanqple a hip or knee 
joint or spine fusion device. 

30 

The invention extends to a method of making a medical 
device or part thereof, the method comprising: forming a 
material into a shape which represents or is a precursor 
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outside Of said ,h.,» ! '^^'"^ 
herein. " "^'^ « described 

According to a second aspect of fh. ■ 
is provided a ^ieal d.J« ^ Z^ T ' ""^^ 
" includes a support .^teriai aL 7 

- outside- Of the- snpport^^llr. """"^ °" ""^ 

includes a poly^fTvi™ . lay« 

- first aspecV «:ri^" LL"'™ ""^""^ '° 
" associated .ith Mo-c^atibi, ^..^^r^ " 

Preferably, said support material also c™. ■ 

» poi^. : Tdr: Ta^r rr"-^" 

backbone. n,sy aiffer in ^ - 

.oieties are f^ctiLl":! dZm f ^"''"^^ 
-ieties be associated „ith s'd 

Preferably, the polymer is , " """" 
« Polyetherlcetone or a frr. °. ^°'>'"''««'>«'««:one or 
one or a functionallsed derivati-™ thereof 

* polymer having a moiefv „f = 
-.or 1. may . .rL:^Tj^CZn' 

" omr V ^ "r^ ^ — 

P rc thereof, the method including the sten r.f 
form^ng a layer .hereinafter an -x-ray contrast lay!": 1 
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the outside of a support material, wherein said layer 
includes an X-ray contrast medium. 

Said X-ray contrast layer may have any feature of the 
5 porous layer described herein. Said support material may 
have any feature of a said support material described in 
any statement herein. Preferably said support material 
includes a lower amount of X-ray contrast medium than said 
X-ray contrast layer. Preferably, said support material 
10 includes substantially no X-ray contrast medium. 

Any feature of any aspect of any invention or 

embodiment described herein may be combined with any 

feature of any aspect of any other invention or embodiment 
15 described herein. 

Specific embodiments of the invention will now be 
described, by way of example. 

20 The following materials are referred to herein: 

PEEK {Trade Mark) - polyetheretherketone obtained from 
Victrex Pic of England and/ or prepared as described 
herein; 

25 

PEK (Trade Mark) - polyetherketone obtained from. 
Victrex Pic and/or prepared as described herein. 

Hydrofy GS 1.5 (Trade Mark) a mineral containing >90% 
30 magnesiiam hydroxide obtained from Nuova Sima Sri of Genga, 
Italy. It contains Mg(0H)2 (92.5%), MgCOa (2,5%) CaCOa 
(4.2%), FeOs (0.5%) and MnaO* (0.01%) and has an average 
particle size of l.S/zm (by Sedigraph Micrometrics) • 
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All Chemicals referred to herein were used as received 
from Sigma-Aldrich Chemical Company, Dorset. U.K., unless 
Otherwise stated. 



5 



Example 1 Preparation of a porous surf ■„■„ 

concentrat ed sulp hi» -ic . acid. 

An injection moulded plaque of Victrex PEK- (Melt 
Viscosity 0.22kNsm- at lOOOsec- at 400"C) , iscm x 15 cm 
X 3.2 mm was coated with a lOOMm layer of 98% sulphuric 
acid at ambient temperature using a doctor blade. After 30 
manutes. the plague was immersed in glacial acid at S^C 
After 1 hour the acid was replaced with deionised water' 
The plaque was washed in boiling water, followed by 
refluxing acetone then dried in oven at SO'c for 2 hours 
The plaque had a porous surface of pek- with predominantly 
50 - 400 fim pores. 

Exa^le 2 Preparation of . poro.n surf... , , 

concentrat ed sulp hu^-i^ ' * 

An injection moulded plaque of victrex PEEK" (Melt 
Viscosity 0.383cNsm- at looosec- at 400Oc) , iscm x 15 cm 
X 3.2 mm was coated with a loo^m layer of 98% sulphuric 
acxd at ambient temperature using a doctor blade. After 30 
minutes the plaque was immersed in glacial acid at s^c 
After 1 hour the acid was replaced with deionised water" 

Plaque was washed in boiling water, followed by 
refluxing acetone then dried in oven at SO'C for 2 hours 
The plaque had a porous surface of sulphonated PEEK« with 
predominantly 50 - 400Mm pores. 



wo 02/00275 



36 



PCT/GBOl/02786 



Example 3 Formation of a po rous surface on 

polyaryletheretherketone using calcium carbonate . 

5 Polyaryletheretherketone 450G (Vict rex pic) was mixed 

with nominally 250 fim particulate calcium carbonate at 40% 
by weight using a 25 mm single screw extruder. The 
resultant mixture was injection moulded into 3.2 mm thick 
plaques (150 x 150 mm) . The plaques were transferred to a 

10 bath of 2M Hydrochloric acid. After a soak time of 2 
hours the resultant plaque had a three dimensional micro- 
porous surface. The pores were measured in the range 60 
to 300/im. It should be noted that due to the attrition 
experienced by the fugitive compound during the mixing 

15 phase in the extruder, the size of the resulting particles 
in the polymer were reduced from nominally 250/im to a 
range that yielded predominantly 60-300/im pores. 

Example 4 Formation of foamed polya rvletherketone 
20 surfaces by supercritical CO2 

450G polyaryletheretherketone supplied by Victrex pic 
was mixed with nominally 100 micron barium sulphate powder 
(Merck, UK) in a Marion Tumble blender for 30 minutes. 

25 The resultant mixture was fed into a 32 mm single screw 
extruder. The mixture was extruded and cooled as a lace 
in air, prior to granulation.. The mixed pellets were 
placed in trays (approximately 2.5 cm deep) in an air 
circulating oven at 130 for 5 hours.. The pellets were 

30 then injection molded using a Neggri Bossi 100 tones 
clamping force moulder to form 150 mm x 150 mm x 6 mm 
plaques . 
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Plagues were then placed in a cavitv 5 nm, i 
the plague depth and 10 ™n : ""^^^ 

length. The , " " ^'^^^ ^^^^^ 

9 The cavity was placed in 200 tpsi heated m.. 

P«ss. fitted With thermocouples and a wate. T 
^yste.. The nominal ten^erature of the plate' ' 
pfln r- platens was set tn 

280 C and the clamping force was increased to a 
value. The t^n^a,-,*- ^^^^easea to a maximum 

Tfte temperature was allowed to stabili^^ ^ • 
the cavitv h(^-ir,rr « scaBiiize prior to 



15 



After this time the pressure of the 
released and water cooling applied to the 

sample was removed from the tr>«i 

""^ "® tool when the 
readings fell below 80 c Th^ rM = 

... °« The plaque had 

finish ™ach.ned oM (appro=cl«>tely o.as 
conplex nicrostructure of pores. ae 
predon^nately i„ the size range 50 to 500 
discrete. 



20 




system was 
tool • The 
thermocoupl e 
the surface 
to reveal a 
pores were 
microns and 



foamed 



25 



30 



High viscosity PolyaryletheretherJcetone (450G) >, 
been used in a a^^r-Hoo * 

a. series of experiments to produce f«,™ ^ 
components of densities varvina in ^>, 

g cm-' Th. ^ ^ ""^"^^ 0.3S to 0.90 

g cm . The supercritical fluid used was CO, and 
introduced to the melt ^ 
valve After ^^ • compaction via a poppet 

vaxve. After the introduction of hv,» *- »- 

the temperatures used to rT ^P-^i^ical fluid 

used to process the melt were reduced 
from 400 to 300 'C. reauced 



wo 02/00275 PCT/GBOl/02786 

38 

A preblended compound consisting of 5% by weight 
magnesium hydroxide (Hydrofy 1.5) and 450P 
polyetheretherketone supplied by Victrex pic was fed into 
an 1.5 inch Plaston single screw extruder and heated up in 
5 stages to approx 400 ®C. The extrudate was expelled through 
an adjustable slit die as a foam on to a strip of PEEK 
film cut to fit onto a laboratory sized band caster. As 
the bandcaster rotated the extruded material formed a 
drawn foamed layer on the surface of the PEEK film. 

10 

fir section of- -this- foamed composrte -stnrip was- removed, 
mounted on a solid plaque and the foamed surface subjected 
to mechanical abrassion so as to revove the surface layer. 
The exposed surface structure was seen under an optical 
15 microscope as comprising a complex microstructure of 
pores. The pores were predominantly in the size range 50 
to 200 microns. 

The reader's attention is directed to all papers and 
20 documents which are filed concurrently with or previous to. 
this specification in connection with this application and 
which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 

25 

. All of the features disclosed in this specification 
(including any accompanying • claims, abstract and 
drawings) , and/ or all of the steps of any method or 
process so disclosed, may be combined in any combination, 
30 except combinations where at least some of such features 
and/or steps are mutually exclusive. 
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^ch feature di.closed i„ ^Ms spe=ifi„tic„ 

^.w..33,. „pu=.a ^ alternative feature, serving 

the same, ecmivalenh r^>- ^^ving 

stated otherise^J ^"^^^ 

«C .eaturrracltea H " "^"'^'^ 

a cusclosed is one example only of a generic 

aerie, of a^ivalent or atmilar feature.. 

The invention ia „ot re.tricted to the detail, of the 
f oregoing em^i^^e, . The inv^itic extend to any nove 
one or any novel co.iination, of the feature. diLlosed 
in thi. .peclfication (including any accompanying clllT 
a.«ract and drawing... ,r to any noval on. L Ly 
combination, of the ahe«= ^* 

diaclosed. ' ""^ ~ - 
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ciiAIMS 

1. A method of making a medical device or part thereof, 
the method including the step of forming a porous layer on 
5 the outside of a support material, wherein said porous 
layer includes a polymer having a moiety of formula 



10 and/ or a moiety of formula 




II 



15 and/or a moiety of formula 




wherein the phenyl moieties in units I, II, and III are 
20 independently optionally substituted and optionally cross- 
linked; and wherein m,r,s,t,v,w and z independently 
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represent zero or 



inri^r.^ ^ ' Positive integer, e and e- 

dxrect nn. or a -o-Ph-O- ^iety where Ph represent a 
Phenyl group and Ar is selected fro. one of the following 

-re Of .ts Phenyl n^ieties to adjacent moieties . 
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2. A method according to claim 1, wherein said porous 
layer includes pores (hereinafter "surface pores") which 
open at the surface of the said porous layer thereby to 
5 enable tissues to grow into the pores to aid integration 
of said medical device and/or part when introduced into a 
human or animal body, wherein the average diameter of said 
surface pores is at least lOjum. 



wo 02/00275 

43 PCT/GBOl/02786 

3. A method according to claim r> ^, • 
^-ter U a.ss than Lo.. "° 

"oa„^. " ".^^-^^ an. 



5. A method accordino to ar,,, ^ 
» and le„ than so%. °' " ^«a>= 



lo™. or less. " " "O"" -xi 



or a homopolymer having a repeat unit of 
mula . °* general 



IV 
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or a random or block copolymer of at least two 
different \mits of IV and/or V 

wherein A, B, C and D independently represent 0 or 1 
5 and E,E' ,6,Ar,m,r, s, t,v,w and z are as described in claim 
1; or 

said polymer is a homopolymer having a repeat unit of 
general formula 

10 



or a homopolymer having a repeat unit of general 
formula 



IV* 




15 or a random or block copolymer of at least two different 
units of IV* and/ or V*, wherein A, B, C, and D 
independently represent 0 or 1 and E, E*, G, Ar, m, r, s, 
t, V, w and z are as described in claim 1. 

20 8. A method according to any preceding claim, wherein said 
polymer is selected from polyetheretherketone, 
polyetherketone , polyetherketoneketone , 
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polyetherketoneetherketoneketone 
PQlyetheretherketoneketone . 

polyetherketone , 

said polymer is polyetheretherketone . 

10 

11. A method according to any nrecedinrr • 

^ preceding claim, wherein 
sa.a^suppo« ,3 ^ ^^^^^^^^ 

-.d support material co^rlaes . pcl^„ „Mc. includes a 
.o.e y Of fc^uxa I and/or a „ , 

«>iety o£ £o™aa III as described In clai» l. 

« .3^ A ^thcd according « any preceding clal., wl^reln 
said support notarial and said porous layar include the 

^t both ^terlals include phenyl .oletl.s, carbony 

=s - -ieties. 

25 m the polymer backbone. 

iiciirT " »-^od 

xnciudi.g treating a region on the outside of said support 
material to render it porous. 

15 A ,»tb=d according to clain, i., „berein said support 
»a .r.al having at least a layer o. a said polymer ha^i^ 
-=t.es 1, n and/or in le placed in an anviron^nt 
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which is at a temperature of at least 20°C above the glass 
transition temperature of the polymer and at least 30°C 
below the melting temperature of the polymer and said 
environment is pressurised with a supercritical fluid and 
5 thereafter the pressure is released. 

16. A method according to claim 14, wherein a surface of 
said support material having at least a layer of a said 
polymer having moieties I, II and/ or III is contacted with 

10 a solvent in order to dissolve polymer at said surface 
and, thereafter, the polymer is caused to precipitate at 
the surface by diluting the solvent. 

17. A method according to claim 14, wherein a layer of 
15 material which is arranged to be porous (hereinafter 

^'precursor material") is applied to the support material, 
wherein said precursor material includes a polymer having 
moieties I, II and/ or III as described in claim 1. 

20 18. A method according to claim 17, wherein said precursor 
material is applied as a porous material. 

19. A method according to claim 17 or claim 18, wherein a 
foamed material is applied to the support material. 

25 

20. A method according to claim 17, wherein said precursor 
material is arranged to be rendered porous after it has 
been contacted with the support material and comprises a 
material (hereinafter a ^^removable material'') which can be 

30 removed when said precursor material is present on the 
support material whereby a porous structure is produced by 
virtue of voids defined in regions from which said 
removable material has been removed. 
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21. A method accordina 

or polymers .Uch Is/ar. hTT ''''"««e poly^ 

" and/or in. P"^"™"^ "^^iag moietiw I, 

22. A method accordina 

-^z -LJ. and/or m. 
23. A method according to claim „ . 

" ^vin3 moieties i, „ ^^T^r^" ^'^^ 
■"terial comprising a magna,!™ „ • ' ''='='»^3abla 

.o a ..aming t^erTt ^Tt ' 
-o^sition ta^arae^e o. t. ^^^^ ^ 

" 2«- A method according to am, 

includas associating bio-con^tibl.""^"' 

Polymsr Which includes moietit r '""""'^ 

porous layer. ' ^'^/o^^ "I of said 

^ 25. A method of ma]<-i„„ 

wMch rapres«,ts or i! JlZ « 
-^"1 applications .hara ^ ' ^« 
POiymar, and treating material = 
^•«n. a poron. la^r on t^ '"'^ ^" 

wharain said porous laya" =1"''"' °' "'"P-. 
— . „ and^or ll/as d^rr i^cl^T "-^"^ 
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26. A medical device or part thereof which includes a 
support material and a porous layer on the outside of the 
support material, wherein said porous layer includes a 
polymer having a moiety of formula I and/or of formula II 

5 and/ or of formula III as described in claim 1, wherein 
said polymer is optionally associated with bio-compatible 
moieties . 

27. A medical device or part thereof according to claim 
10 25, wherein said support material also comprises a polymer 

having a moiety of formula I and/or II and/ or III. . 

28. A method of making a medical device or part thereof, 
the method including the step of forming a layer 

15 (hereinafter an ''x-ray contrast layer") on the outside of 
a support material, wherein said layer includes an x-ray 
contrast medium. 
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